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ABSTRACT

The radiation effects and testing programs in place at the Jet Propulsion l.aboratory
support the insertion of traditional, advanced and emerging microelectronic and photonic
technologies in NASA systems through research and testing that enhances the radiation hardness
assurance r) |A) of these technologies. With the decrcasing availability of radiation hardened
clectronics and the ncw NASA paradigm of faster, more aggressive and less expensive space
missions, there has been an increasing emphasis on using high performance commercial
microelectronic parts and circuits in NASA spacecraft.

The use of commercia parts and circuits (often referred to as commercial off-the-shc]f
(COTS)) in space systems poses many potential problems, especially with regard to RHA. The
rapid evolution of traditional types of circuits, such as microprocessors and iemories, iSdriven
by intense competition in the private sector, and these advances, primarily clue to scaling effects,
often result in increased vulnerability to radiation. in addition, radiation testing which reveals
that a particular generation of parts is appropriate. for certain close ranges may be rendered
irrelevant by the introduction of next-generation versions and the disappearance of the radiation
tolerant parts from the market place. The introduction of ncw and emerging technologics that
promise greater performance without increased power, weight or volume may have completely
unknown radiation effects behavior that must be established through testing. These issues and
others will be addressed and discussed within the context of recent radiation effects research and
testing activities at J]’]. thatinclude the following:

1. Within the last fcw years it has become apparent that certain linear bipolar integrated
circuits, such as g-amps, comparators and voltage references, are more sensitive to total
ionizing close ('11D) at the low dose rate.s characteristic of the space environinent than they arc at
moderate to high dose rates traditionally employed for total dose RIIAtesting. ThisRHA
problem is exacerbated by the difficulties associated with doing realistic testing at low dose rates
for fast, aggressive space projects. Data demonstrating the enhanced low dose rate (F1.10R) effect
will be presented along with results of efforts to develop a satisfactory RHA test based on
modecrate to high dose rate exposure at clevated temperatures.

2. Recent failures of optocouplers on the Topex Spacecraft have highlighted the
importance of addressing RlA issues for non-traditional electronics such as optoelectronic
devices. 1.1Ds, photodetectors and optocouplers can vary widely in their response to radiation.




Furthermore, displacement damage effects due to protons can be important, as demonstrated by
Topex, even though proton fluences are not particularly high for 1.EO and GEO spacecraft,
relative to the magnitude usvally required to cause problems in I11-V devices. These problems
arc even more severe in optocouplers that employ phototransistors because of their potential
sensitivity to bothionizing radiation and displacement damage. Recent results of proton damage
studies of these devices, including comparisons with Topex data, will be presented.

3.High performance scientific instruments aboard spacecraft often require the usc of high
resolution, high speed analog to digital converters (ADCs). Unfortunately, because there arc
essentially no radiation tolerant devices of this type available, instrument and spacecraft
designers often have to select devices that will not tolerate the anticipated environment. RHA
testing of these devices is difficult for both TID andsingle event effects (SE), especially when
they arc BiCMOS. Because of the ELDR effect a BICMOS ADC can fail by different
mechanisms depending on the conditions of radiation exposure. Results demonstrating these
cffects will be discussed in our presentation.

4. Yicld programmable gate arrays arc particular] y attractive for spacecraft usc for several
rcasons. They often allow a significant reduction in the number of parts used on aboard, and
they can be individually personalized so that a large common buy of parts with established
reliability and RHA can be used for several different applications. lowcver, these devices
exhibit a variety of radiation effects inducting energetic ion-i nduced linking of anti-fuse links.
Recent S1:ik and T11) resultswill be presented for Actel FPGAs.

5. 1 lighly autonomous, heavil y instrumented spacecraft require large amounts of mass
memory to support cm-board data processing and storage. Recently, on the Cassini spacecraft for
example, this requircment has manifested itself in the usc of large numbers of DRAMs for multi-
gigabit mass storage as a replacement for tape recorders. T and SEE studies of DRAMs have
revealed interesting effects including the use of retention time as a highly sensitive measure of
T11 response and the observation of what appear to be two type.s of hard errors induced by
energetic ions. These results will be discussed in our presentation.

6. An exciting new class of devices arc microclectromec hanical systems (ME MS)in
which microelectronics arc combined with miniaturized mechanical devices on a single chip.
These devices allow reductions in size of a wide variety of functional elements that arc used on
spacecraft. MEEMS devices can be sensitive to radiation for two reasons:. 1) the electronics on the
chip can exhibit radiation responses, and 2) certain types of mechanical clc.vices, such as
cantilevers that depend on capacitive charge for spatial displacement, can also conceivably be
sensitive to radiation. We will present recent results of total closc. studies of microaccelerometers
that suggest that both types of radiation sensitivities arc exhibited by these devices.

*Work described herein was performed at the Jet Propulsion l.aboratory opcrated by the
CaliforniaInstitute of Technology under contract to the Untied States National Aeronautics and
Space Administration. This work partialy funded by NASA Code Q RTOP funds.
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Introduction
The third ESA Electronic Components Conference, wi' be
held in a time of fas® and ‘urby'ent change ‘or space
oregrammes it the way fhat they orocure and assure
components, 'n a d;mir;;sL\?ﬂo Mérket for high retighitity
compoenents new methods a'f; soughtanc ceve'oped and
existing ways o*workand maﬂacer*:e"‘_a'e auestioned and
ec. Thecon’erence wi' rej?ec‘. these deve'opmentsin
assurance, management and standardisation mathods
Euronean and interngtiona’ space programmes.
Acvancement's in comnonent ‘echno'ogies anc nhysics,

'agting and measurement ‘echnicues and ‘o'erance ‘o *he

within
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Within the scane of the con‘erence
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relating ‘o se'ection, nrogurement contrn’ ang

' tilisation of

elecironic, electrica’ and e'ectromechanica’ comnonents
‘or space anp'ication wi he addressed with particylar
emphasis on assurance and stancdardisation meth.

new  component

nvited papers wi' Wigh'light the  maior tonics and
Pare'/Round Tab'e discussions wil be he!d on key ssues.

Tuloria’and nos'er sessinns are foreseen,

'nthe same way as in the nrevious success ! conferances,
thig third ESA E'aciranic Comnonents Conferenge wil
orovide amp'e oppertunities for nroiegt and corporate
meznagers, engineers and scientists *o exchange ideas and
information on e'ectronic component subiacts.
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The Conference wil' he orpanised in themeas covering tha
e o ence wt' 2e organise themes coverng the

THEVEA: COMPONENT ENGINEERING AND
TECHNOLOGY
Themea A wi' discuss comoorent fechng'ogy and Dhysics,
testandinsnection mathado'ogy, aoo'?ce‘,‘:a‘“s. ’ai'uré
modesalc. The o'lowing wi bretadd’essed:
— new comoonent ‘,ec“vﬂo'oc?es and aoplications,
— neweva'uation methods au'"i efficiency of
testing technigues, ‘
— ’e'Feb;v”‘_y studies anc eva'uation of fai'ure modes,
-— componert evaluationand aoprova’ programmes,

— comoeonent failiire experience in space systems.

THEMEB: COMPONENT PACKAGING AND
ASSEMBLY

Theme B wi'l discuss the ranid cevelopmen® in component

packaging technigues ard re'ated assembly methods.

Soeciav’ at?e"f?on wil' be given ‘o the ‘o"owing: ‘

— highoincount oackevges ‘or comp'ex integrated circuits,

— usage of n'astic packages for space anp'ications

— nackages ‘or microwave and VVIC ¢

— surface moun® devices and ‘echno'o

— racxages ‘or high power dlissination

— '“u“ﬁc;;o moc'uIves,

— anoroaches ‘or chins, wa‘ers and known good die.

THEMEC: COMPONENT STANDARDISATION.
SPECIFICATION AND ASSESSMENT

Theme Cwi' discuss *he deve'onmentsin internationa! and

natona’ component standardisalion and speciication

sys'ems and address new componen' assessment

methods. The “o'lowing wi'" he addressed:

— internationg! and nationg’ stardards and snecifcation
sys'ems,

— bestcommercia’ practices, synergy with other markets.

— TQV. QWL techno'ogy and canability anorova',

— certification and assurance concen's,

— commerciz' nart adantation to snace ilisation.

THEMED: COVPRPONENT PROCUREMENT, COST
AND PROGRAMMATIC ASPECTS
heme D will address problems in avai'ability and cos' of

{key) comoonents ‘or snace nrogrammes ranging from

-
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icrosateitesto snace stations as we' 25 araanigatian
and coniro’ of comnonen: procurements and storace.

COs's,
comeonentsiores anclest and assemb'y houses,
non cenformance and alert systems,

—— Drogcurement annroach vs system and mission
comolexity,

— comoonenrt dala management and dissemingtion

THEMEE: SPACERADIATION EFFECTS

Theme E will discuss the influence of space radiation -

electronic comoonents and wi'' address:

— Impact of radiation on compaonenr: retiability,

— racia¥on coun'ermeasures,
raciation hardness assurance of components,
vackages ‘orimorovement of radiation to'erance
cosmic ray, ‘0*al dose and oro‘on test data.

CALL FOR PAPERS

Authorsare recuested to repare extended ahstracts 2

Deges) provicing suficient cletal's ‘0 permit @ meaning

review. 'n adction 2 summary of not more than 35 worch

recuestec for inc'usion in the second announcement o

crefimingry programme.

Presentations wil' be seleced by ‘he Program:

Commitee onthe basis of *he “0"owing:

¢ genera'interest ofthe subject, i

. r:‘ua"‘.y ofthe content, '

¢ originalily and innovativeress of the ideas.

Abstracts may be submitted:

* Dy using the ‘orm on the www, 0 *ransfer or e-mait
attachment (0'ease use only o'ain ‘ex?);

s+ Dy mal,

+ by ‘ax(fo"owed by an origina’ cooy in the marl’)

Abstracts shouv'd contain the ‘oowing infgrmation:
+ e ofthepanericertred) and nronosed Theme,
s authorls) namel(s)

+ 2filiation of *he author(s)

The U address of the contact erson, ingluc:
‘e'ephore/fax numbers and e-mai' address shou'd he aiv
separately.




